Wind power varies over time, mainly under the influence of meteorological fluctuations. The variations occur on all time scales. Understanding these variations and their predictability is of key importance for the integration and optimal utilization of wind in the power system. There are two major attributes of variable generation that notably impact the participation on power exchanges: Variability (the output of variable generation changes and resulting in fluctuations in the plant output on all time scales) and Uncertainty (the magnitude and timing of variable generation output is less predictable, wind power output has low levels of predictability). Because of these variability and uncertainty wind plants cannot participate to electricity market, especially to power exchanges. For this purpose, the paper presents techno-economic analysis of work of wind plants together with combined cycle gas turbine ( CCGT) plant as support for offering continues power to electricity market. A model of wind farms and CCGT plant was developed in program PLEXOS based on real hourly input data and all characteristics of CCGT with especial analysis of techno-economic characteristics of different types of starts and stops of the plant.
INTRODUCTION
Today energy market is very uncertain and represents a great challenge for new investments. In each moment in time production and consumption need to be in balance and load is covered by the production from various power sources. But different energy sources have different issues. Renewables represent a clear energy and they don't produce GHG emissions, but they have intermittent nature (wind and solar), their geographical distribution is typically uneven and the variability of renewables requires more operational flexibility to compensate fluctuations. This problem limits their participation in the energy market. In today market with huge share of renewable, some thermal power plants struggle to create high enough profit to cover their investment cost because they are working at very low efficiency or they have a big number of starting up and shutting down what increases operational costs or they don't work at all. Frequent changes of the load cause changes of fuel consumption and emission levels. These changes in the operating modes have a significant effect on the O&M costs of conventional technologies which in any cause should not be ignored in long term planning and investment costs. According to previous work [1, 2] , wind power reduces the price of electricity and the attractiveness for the investment in other power stations as gas fired power plants. Feed-in guarantees the purchase of the entire produced electricity, is opposed to the full exposure to market conditions -in other words, exposure to the market price of the electricity and entire responsibility for the deviation of the planned and actual production of electricity. On the other hand, having huge share of stochastic renewables as wind and solar creates need in the system for balancing, especially when the produced electricity is lower than we expected. This working regime forms peaks and gaps and solutions are energy storages, pumped hydro, OCGT and CCGT plants. The option considered in this paper is balancing the wind production with production from CCGT power plants taking into account production cost of three different models of CCGT -model with one, two and three gas turbines and one steam turbine. In this regime CCGT has a possibility to earn additional revenues in the market where one conventional power plant can difficult break through and cover the initial investment and earn profit. Previous works related to this theme [3, 4, 5] recognised great opportunities in this area by finding a set of optimal solutions in moments when the load is variable which makes CCGT one of the most flexible ways of balancing the unpredictable wind power.
THE OUTLINE OF THE PROBLEM AND METHODOLOGY
Objective of this resarch is to examine, on the basis of the model, technical and economic indicators of the CCGT power plant in function of balancing or stabilizing variable electrical production from wind farms according to the different number of gas turbines.
Technical Aspects of CCGT power plant
Analysis is related to the technical ability, i.e. flexibility of the CCGT power plant for balancing variable production of the wind farms. Whereas this type of drive CCGT depends on the nature of the wind in the area, frequent switching of CCGT plant and the associated high costs are expected [6] . Therefore, three different models are analyzed: 1+1 model (one steam and one gas turbine), 2+1 model (one steam and two gas turbines) and 3+1 model (one steam and three gas turbines). All three models have the same major characteristics: total installed capacity, as the other related features such as part load efficiency etc.
DESCRIPTION OF THE MODEL
Model is made in PLEXOS, a software tool for modelling and optimization of relations on the electricity market with prominent comprehensive range of features delivered through a simple interface developed by Energy Exemplar. This is a general simulation tool based on object modelling which defines a hierarchical set of classes, while the user of simulator creates parts or the entire system designing the instances of objects. The definition of the class describes which collections may belong to objects of a particular class and how they act according to the objects of the same or different types. More details regarding modeling approach can be found in [7] .
CCGT model
Analysis is related to the technical ability, i.e. flexibility of the CCGT power plants for following variable production of the wind,whereas this type of drive CCGT depends on the nature of the wind in the area, frequent switching of CCGT plant and the associated high costs are expected. Table 7 and Table 8 are CCGT data taken from elsewhere [8, 9, 10, 11, 12, 13, 14] . Following characteristics are used for the purpose of the detailed model of the CCGT power plant according to the given input data: Number of the units of the gas and steam turbines; Installed capacity -maximum; minimum stable power; detailed heat rate curves; FO&M fee; VO&M fee; Start-up costs for multiple start profiles; Start-up time for multiple start profiles; Lifting speed of power at the start for multiple start profiles; Lifting speed of power in operating mode; Lowering speed of power in operating mode; Motor fuel; Fuel consumption at the start for multiple start profiles; Fuel prices; The limitation of the production; The limitation of the start; auxiliary consumption of the power plant and others. maximum value (400 MW) and Case 5 with lowest maximum value (100 MW). The data used for wind modelling can be found in Table 11 and Table 12 . 
Dummy generator model
Dummy power plant is super flexible power plant which marginal cost and cost of launching are significantly larger than the marginal cost of CCGT units, but significantly lower than in the model defined VoLL. Dummy generator is activated only in cases when CCGT power plant achieves technical limits. Modelled Dummy has same characteristics as in [7] -max capacity of 500 MW and VO&M cost of 5000 €/MWh. amount of VoLL in the model is fixed on 100000 €/MWh to ensure activation of Dummy generator only in case of an emergency and generator activation price is €1,000,000.
Electricity consumption model
Consumption is fixed amount which is equal throughout the entire optimization period, but different in each scenario. Consumption is changing depending on the modelled wind power level.
RESULTS AND DISCUSSION
The presented results were obtained on 3.6 GHz based processor with 32 GB RAM using CPLEX solver under PLEXOS® 7. Results are presented for the three different patterns of wind, with three different wind capacity factors. For each wind capacity factor there are examined three different models of CCGT at different wind levels (as is shown in Table 11 and Table 12 ) in order to examine the impact of gas turbine number on CCGT production cost. In this research cost of production and unserved energy are analysed for three models of CCGT power plant: 1+1 model (CCGT with one gas turbine and one steam turbine), 2+1 model (CCGT with two gas turbines and one steam turbine) and 3+1 model (CCGT with three gas turbines and one steam turbine). Results form optimization tool PLEXOS can be found on following figs. 4 and 5. Fig 4 illustrates cost of production and and Fig.5 is for unserved energy for the case 5 (maximum wind power 100 MW) in three different scenarios (wind capacity factor 33%, 24% and 61%). Fig. 28 Cost of production for 1+1, 2+1 and 3+1 model for scenario 1 (wind capacity factor = 33%) and case 5 (wind production 5.54 GWh) Fig. 29 Unserved energy for 1+1, 2+1 and 3+1 model for scenario 1 (wind capacity factor = 33%) and case 5 (wind production 5.54 GWh) Fig. 30 Cost of production for 1+1, 2+1 and 3+1 model scenario 2 (wind capacity factor = 24%) and case 5 (wind production 5.54 GWh) Fig. 31 Unserved energy for 1+1, 2+1 and 3+1 model for scenario 2 (wind capacity factor = 24%) and case 5 (wind production 5.54 GWh) Fig. 30 and Fig. 32 shows that wind nature, which CCGT is balancing, has a significant impact on decision on number of gas turbines. On the lower wind power levels, it is very important if CCGT has one, two or three gas turbines. CCGT with one gas turbine has a lower efficiency at low power outputs (100-200 MW) than CCGT with two or three gas turbines. Due to lower flexibility, CCGT with one gas turbine has to shut down and start up more often resulting in increased costs (start up cost, consumption of the fuel). That difference is significant: in scenario with wind capacity factor of 61% difference in cost of production between CCGT model with one and three gas turbines is slightly less than 40 €/GWh. If the wind power level in the system is higher (300-400 MW), difference in these costs becomes smaller, especially difference between CCGT models with two and three gas turbines. If the wind power is higher than 150 MW, the both, two turbines and three turbines model, have very high efficiency and flexibility regarding balancingw the wind production. For the power levels higher than 300 MW number of gas turbines it is no more important because costs of production are almost the same -all three models have high efficiency at these power levels.
E3S Web of Conferences
It is also very important to notice the influence of the wind capacity factor on CCGT production costs. In the scenario with largest wind capacity factor (capacity factor 61%) CCGT cost of production is significantly larger in comparison with scenarios with lower wind capacity factors (capacity factors 33 and 24%), regardless of wind power level and CCGT model. As can be seen from Fig. 31 and Fig. 33 , unserved energy in each scenario depends on number of gas turbines; for the CCGT power plant with one gas turbine unserved energy is significatly higher than unserved energy for the CCGT plant with two or three turbines due to higher min stable level value. Detailed data regarding production of each power plant in the modeled system for each scenario and case can be found in Appendix. CONCLUSION This paper presents techno-economic analysis for the balancing of volatile nature of renewables, in this case wind farms, with different CCGT power plant models having different number of gas turbine as basis for results comparison.
Investments in the CCGT power plant with one gas turbine is lower than investment in CCGT with two or three gas turbines. The CCGT with one gas turbine has a low efficiency and flexibility at lower load and consequently higher costs because of limitations as the limited speed of raising power and limited speed of the start and those limitations have a huge impact on the production costs.
In order to avoid restrictions associated with the start of the CCGT power plant it is desirable that CCGT constantly has load higher than minimum stable level, but in the system with a huge share of renewables it is not often possible. If CCGT often works at lower capacity it is better to have more gas turbines which will result in decrease of production cost while if the load is higher, all three CCGT models will come in the area with good efficiency and all three CCGT models will have almost the same production cost. 
